The Gram-reaction-negative, aerobic, white-to pale-yellow-coloured and rod-shaped bacterium with a single polar flagellum or a stalk, designated strain 7F14 T , was isolated from rhizosphere soil of cultivated watermelon (Citrullus lanatus) collected from Hefei, China. Growth of strain 7F14
The genus Caulobacter of the family Caulobacteraceae was first described with Caulobacter vibrioides as the type species by Henrici and Johnson [1] and subsequently emended by Bowers et al. [2] , Poindexter [3] and Abraham et al. [4] . In the early stages, the taxonomy of the members of the genus Caulobacter was based almost exclusively on the morphological and physiological characteristics [3] . Based on the first sequences of the 16S rRNA genes of several strains representing the genus Caulobacter, Stahl et al. [5] concluded that the members of the genus Caulobacter formed two different lineages: freshwater and brackish-water forms and marine forms. By evaluating the diversity of caulobacteria isolated from freshwater and marine habitats, several species or subspecies of the genus Caulobacter were transferred into the genera Brevundimonas and Maricaulis by Abraham et al. [4] . Thereafter, Caulobacter leidyi was reclassified as Sphingomonas leidyi by using a polyphasic approach [6] . At the time of writing, the genus Caulobacter contains nine species with validly published names, which have been isolated from a variety of environmental habitats, such as soil, water, rhizosphere soil, an activated sludge system and deep freshwater sediment, including Caulobacter segnis [4, 7] , Caulobacter vibrioides [1, 3] , Caulobacter henricii [3] , Caulobacter fusiformis [3, 8] , Caulobacter mirabilis [9] , Caulobacter ginsengisoli [10] , Caulobacter daechungensis [11] , Caulobacter profunda [12] and Caulobacter flavus [13] . The cell division of members of the genus Caulobacter mostly is asymmetric with two different morphologies of cells: one with a stalk and another with a single polar flagellum, except for Caulobacter segnis. Members of the genus Caulobacter are characterized by the presence of ubiquinone Q-10 as the major quinone type, the presence of phosphoglycolipid as the major polar lipid, and C 16 : 0 , summed feature 7 (C 18 : 1 !7c), 11-methyl C 18 : 1 !7c [equivalent chain-length (ECL) 18 .081] and C 16 : 1 !7c as the major fatty acids [4, 9, [11] [12] [13] . In this study, we determined the taxonomic position of strain 7F14 T using a polyphasic approach, and suggest that strain 7F14 T represents a novel species of the genus Caulobacter.
In the course of a study on the bacterial community of rhizosphere soil of cultivated watermelon (Citrullus lanatus) in Hefei, China, strain 7F14
T was isolated by using the serial dilution method. Rhizosphere soils firmly adhering to the T , was cultured routinely and then preserved in 1/2 LB broth supplemented with 40 % (v/v) glycerol solution at À70 C. Growth on nutrient agar (NA; BD Difco), Caulobacter medium (CM) agar (2 g bacto peptone, 1 g yeast extract, 0.2 g MgSO 4 . 7H 2 O, 15 g agar, 1000 ml water, pH 7.2; www.dsmz.de/microorganisms/ medium/pdf/DSMZ_Medium595.pdf), LB agar (BD Difco) and R2A agar (0.5 g yeast extract, 0.5 g proteose peptone, 0.5 g casamina acids, 0.5 g glucose, 0.5 g soluble starch, 0.3 g sodium pyruvate, 0.3 g KH 2 PO 4 , 50 mg magnesium sulfate, 15 g agar, 1000 ml water, pH 7.2) was evaluated at 28 C after 4 days of incubation. Cell morphology and the presence of a stalk and flagellation were determined by transmission electron microscope (HT-7700; Hitachi) using cells cultured for 12 h at 28 C in CM broth and negatively stained with 1 % (v/v) phosphotungstic acid (pH 7.0). The Gram reaction was determined by using the standard Gram staining method. The motility of cells was determined by observing the growth spread of cells in test tubes containing semi-solid CM agar (0.3 %, w/v). Growth on CM agar at different temperatures (4, 10, 20, 28, 30, 37 and 42 C) was assessed. The pH range (pH 5.0-10.0 at intervals of 1 pH unit) for growth and tolerance to different NaCl concentrations (0, 0.5, 1.0, 2.0, 3.0 %, w/v) were determined by using CM medium after incubation for 4 days. Catalase activity was examined by bubble production after the application of 3 % (v/v) H 2 O 2 solution to isolated colonies. Oxidase activity was examined using oxidase reagent (bioM erieux) according to the manufacturer's instructions. Hydrolysis of casein, aesculin and starch, urease activity and H 2 S production were determined as described by Tindall et al. [14] . Methyl red reaction, Voges-Proskauer test, and hydrolysis of Tween 20 and Tween 80 were tested as described by L anyí [15] . Assimilation of 12 substrates, enzyme activities and additional physiological tests were performed by using API 20NE strips (bioM erieux) and API ZYM strips (bio-M erieux) according to the manufacturer's instructions. C. henricii DSM 4730 T , C. segnis DSM 7131 T and Caulobacter vibrioides DSM 9893
T from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) were used as reference strains under the same conditions for comparative taxonomic analysis.
Colonies of strain 7F14
T on CM agar were white-to paleyellow-coloured, convex and circular with a smooth surface and diameter of 2.0-3.0 mm after incubation for 48 h at 28 C. Strain 7F14 T grew well on CM, R2A and NA agar. No growth was observed on LB agar. Cells of strain 7F14
T were Gram-staining-negative, aerobic, motile and rod-shaped. Cells were dimorphic, and able to divide by unequal binary fission to form two daughter cells: one with a stalk and the other with a single polar flagellum at the end opposite to the stalk (Fig. S1 , available in the online Supplementary Material). Strain 7F14
T was able to grow at 10-30 C, at pH 6.0-9.0 and in the presence of 0-1 % (w/v) NaCl. Strain 7F14 T was positive for oxidase, but negative for catalase. The other physiological and biochemical characteristics of strain 7F14
T are additionally described in the species description. Differentiating characteristics that differentiated strain 7F14
T from the type strains of the most closely related species of the genus Caulobacter are shown in Table 1 .
Bacterial genomic DNA extracted using a Rapid Bacterial Genomic DNA Isolation kit (Sangon Biotech) was used as a template, and PCR was performed using the eubacterial universal primers 27F and 1492R for the amplification of the 16S rRNA gene. The PCR product was cloned into vector pMD19-T and sequenced. Identification of the 16S rRNA gene sequence of strain 7F14
T and calculation of pairwise 16S rRNA gene sequence similarity between strain 7F14 T and the type strains of closely related species of the genus Caulobacter were performed by using the EzTaxon-e server (www.ezbiocloud.net/eztaxon; [16] ) and BLAST program in NCBI. Multiple alignments were made using the CLUSTAL x2 program [17] . Phylogenetic trees were reconstructed by using neighbour-joining [18] , maximum-parsimony [19] and maximum-likelihood methods [20] within the MEGA software (version 6.06) [21] . Bootstrap values were determined based on 1000 replications. For the measurement of DNA G+C content, genomic DNA was degraded enzymically into nucleosides and the DNA G+C content of strain 7F14 T was determined as described by Mesbah et al. [22] via reversed-phase HPLC (model 1200; Agilent). DNA-DNA hybridization was carried out using the reassociationrate method as described by De Ley et al. [23] . (Fig. 1) . These results were in accordance with those obtained using the maximum-likelihood and maximumparsimony algorithms. The DNA G+C content of strain 7F14 T was 68.6 mol%, which was within the range of DNA G+C contents of species of the genus Caulobacter (62-69.6 %) [7, [9] [10] [11] [12] [13] . Based on the recommended species delimitation threshold of 16S rRNA gene sequence similarities for DNA-DNA hybridization [24] [25] [26] , respectively, which were far below the threshold value of 70 % that is commonly accepted for a decision on the species status of novel strains [27] , thereby indicating strain 7F14
T represents a novel species.
For fatty acid methyl ester analysis, bacterial cells of strain 7F14 T and the reference strains were harvested after incubation for 2 days at 28 C. The fatty acid methyl esters were extracted and prepared according to the protocol of Miller [28] with minor modifications from Kuykendall et al. [29] . The fatty acid methyl ester mixtures were separated using a gas chromatograph (6890 N; Agilent) and identified by the Sherlock Microbial Identification Systems (MIDI). Analysis of respiratory quinones and polar lipids was carried out by the Identification Service of the DSMZ. Respiratory lipoquinones were extracted using the two-stage method as described by Tindall [30, 31] , separated into their different classes by TLC on silica gel and further analysed by HPLC with a reverse-phase column (RP18; Macherey-Nagel). Polar lipids were extracted, separated by two dimensional silica gel TLC (818135; Macherey-Nagel) and identified by spraying with specific detection reagents. . All data are from this study unless otherwise indicated. All strains were negative for D-glucose fermentation, arginine dihydrolase, Voges-Proskauer test, methyl red test, H 2 S production, indole production, nitrate reduction, and hydrolysis of casein and gelatin, and positive for b-galactosidase (PNG). All strains were negative for assimilation of D-mannitol, potassium gluconate, capric acid, adipic acid, citrate and phenylacetic acid. All strains were positive for activities of alkaline phosphatase, leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and b-glucosidase, and negative for activities of lipase (C14), cystine arylamidase, a-mannosidase and a-fucosidase. +, Positive; À, negative; W, weakly positive. 
Assimilation of: Cellular fatty acid compositions of strain 7F14 T and type strains of closely related species of the genus Caulobacter are shown in Table 2 . The major cellular fatty acids of strain 7F14 T (>10 %) were 11-methyl C 18 : 1 !7c, C 18 : 1 !7c, C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). C 18 : 1 !7c, C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) as the major cellular fatty acids were found in the type strains of other related species of the genus Caulobacter [4, 9, 11, 12] . 11-Methyl C 18 : 1 !7c (ECL 18.080) as the major cellular fatty acid was found in Caulobacter mirabilis FWC 38 T [9] and reference strain Caulobacter flavus RHGG3 T . Therefore, the fatty acid profile of strain 7F14
T had the general characteristics of the genus Caulobacter. Strain 7F14
T contained ubiquinone Q-10 (100 %) as the only isoprenoid quinone, which is in agreement with the results obtained previously for species of the genus Caulobacter [4, 9, 11, 12] . The polar lipids of strain 7F14
T contained phosphatidylglycerol, an unknown phosphoglycolipid, five unknown glycolipids, an unknown phospholipid and three unknown lipids (Fig. S2) . All in all, the chemotaxonomic characteristics confirmed the phylogenetic affiliation of strain 7F14 T to the genus Caulobacter.
On the basis of the phenotypic traits, phylogenetic analyses, chemotaxonomic characteristics and DNA-DNA hybridization analyses, strain 7F14 T is proposed to be assigned to the genus Caulobacter as a representative of a novel species, for which the name Caulobacter rhizosphaerae sp. nov. is proposed.
DESCRIPTION OF CAULOBACTER RHIZOSPHAERAE SP. NOV.
Caulobacter rhizosphaerae (rhi.zo.sphae¢rae. Gr. fem. n. rhiza a root; L. fem. n. sphaera ball, sphere; N.L. gen. fem. n. 
